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ABSTRACT
Well-determined physical parameters of 130 W UMa systems have been collected from
the literature. Based on these data, the evolutionary status and dynamical evolution
of W UMa systems are investigated. It is found that there is no evolutionary difference
between W- and A-type systems inM−J diagram which is consistent with the results
derived from the analysis of observed spectral type, M −R and M −L diagrams of W
UMa systems. M −R and M −L diagrams of W- and A-type systems indicate that a
large amount of energy should be transferred from the more massive to the less massive
component so that they are not in thermal equilibrium and undergo thermal relaxation
oscillation (TRO). Meanwhile, the distribution of angular momentum, together with
the distribution of mass ratio, suggests that the mass ratio of the observed W UMa
systems is decreased with the decrease of their total mass. This could be the result
of the dynamical evolution of W UMa systems which suffer angular momentum loss
(AML) and mass loss due to magnetic stellar wind (MSW). Consequently, the tidal
instability forces these systems towards the lower q values and finally to fast rotating
single stars.
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1 INTRODUCTION
W UMa stars are short-period, dumbbell-shaped binaries in
which both stars are in contact or overflowing their Roche
limiting surface. They are classified into A- and W-type sys-
tems on the base of the light curve (Binnendijk 1970). A-
type systems are showing primary minima due to the eclipse
of the larger, more massive component while the reversal is
true for W-type systems. However, a satisfactory theory for
the origin, structure and evolution of the W UMa binaries
has not yet been suggested. The traditional view for the ori-
gin of contact binaries is that W UMa systems are formed
from detached binaries of comparable periods through or-
bital decay by AML (Vilhu 1981; Rahunen & Vilhu 1981;
Paczyn´ski et al. 2006). Paczyn´ski et al. (2006) have found
too many contact binaries in comparison with the possible
detached progenitors having orbital periods about one day.
Then, W UMa systems seem to appear out of ”nowhere”.
Even if it is possible that W UMa systems originate from
detached progenitors through AML due to MSW if they
are formed from detached binaries with periods P <
∼
2.24
d (corresponding to a maximum lifetime of about τ <
∼
3.23
Gyr in pre-contact stage) and the lifetime of them are
very long (Li et al. 2007). Otherwise, one should not find
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so many contact binaries through ASAS. The excess of W
UMa stars implies other channel of formation. Recently,
Pribulla & Rucinski (2006) have found that up to 59 per
cent of W UMa binaries have companions. This opens up
a possibility that the Kozai (1962) cycle operates in some
triples. But, the relative importance of the traditional origin
of W UMa binaries through AML, and through the Kozai
cycle, will be required further study (Paczyn´ski et al. 2006).
With regard to the lifetime of W UMa binaries, the different
lifetimes have been derived for W UMa systems by various
authors based on different materials, such as 0.1 − 1.0 Gyr
(Guinan & Bradstreet 1988), 1.61 Gyr (Bilir et al. 2005),
4.7 Gyr (van’t Veer 1996), 7.2 Gyr (Li, Han & Zhang 2005)
and >
∼
5.68 Gyr (Li et al. 2007).
With regard to the evolutionary status of W UMa
systems, Hilditch, King & McFarlane (1988) have argued
that the primary components of the shallow-contact W-
type systems are unevolved main-sequence stars while those
of A-type ones are near to the terminal-age main se-
quence. Meanwhile, there are other physical differences be-
tween these two subclasses. A-type systems usually have
an earlier spectral type, a larger mass, a higher luminos-
ity and a smaller mass ratio. The degree of overcontact
is larger and a thick common envelope is present. W-
type systems are showing a later spectral type, a smaller
mass, a lower luminosity, and a larger mass ratio. They
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have a shallow convective envelope. So A- and W-type
systems are usually assumed to be in the different evolu-
tion schemes or evolutionary status. However, the observed
spectral type does not indicate a difference in evolution-
ary state between A- and W-type subgroups (Van Hamme
1982, and references therein). In addition, some interest-
ing ideas have been proposed concerning the evolutionary
link between A- and W-type systems. Some theories sug-
gest the possibility that W-type systems evolve into A-
type through mass exchange (Hilditch, King & McFarlane
1988; Maceroni, Milano & Russo 1985) while others suggest
the opposite (Rucinski 1985; Gazeas & Niarchos 2006). Here
three questions arise: do both subtypes have the same ge-
netic origin? regarding A types and W types, is one type
the progenitor of the other one and what will be the final
outcome of the evolution of each group? The above ques-
tions are still open for investigations (Van Hamme 1982;
Gazeas & Niarchos 2006).
The components in a W UMa system have nearly equal
surface temperatures in spite of their often greatly differ-
ent masses. The canonical explanation of this phenomenon
is that a large amount of energy is transferred from the
more massive to the less massive component. However, the
problem whether or not W UMa systems are in thermal
equilibrium also remained an open question. It is interest-
ing that there is controversy about it at present. Some au-
thors claim that a contact configuration can achieve ther-
mal equilibrium, such as Ste¸pien´ (2006) argued that W
UMa systems can achieve thermal equilibrium if the sec-
ondary, which was the former primary, is more advanced in
its evolution, in analogy with the ‘Algol paradox’, so that
W UMa systems should not undergo TRO. However, it is
not clear that this assertion is generally correct (Paczyn´ski
2007). Paczyn´ski (2007) proposed that this is likely applica-
ble to systems with extreme mass ratios. In addition, other
authors claim that a contact configuration in thermal equi-
librium is not possible so that W UMa systems are forced
to undergo TRO (Li, Han & Zhang 2004; Yakut & Eggleton
2005; Paczyn´ski et al. 2006).
In this work, we have collected the well determined pa-
rameters of 130 W UMa systems (69 W- and 61 A-types)
from the literature. Based on these data, the evolutionary
status and the dynamical evolution of these binary stars are
discussed in the following Sections.
2 STATUS OF W UMA SYSTEMS
We collect the well-determined physical parameters of
78 W UMa contact binaries from the compiles of
Yakut & Eggleton (2005); Awadalla & Hanna (2005) and
Maceroni & van’t Veer (1996). In addition, we collect the
new physical parameters for 52 W UMa systems from other
literature (listed in Table 1). Based on these data, the evo-
lutionary status of W UMa systems has been analyzed. The
relations of M −R and M − L for W- and A-type systems,
together with the relations of M −R and M −L of zero age
main sequence (ZAMS) stars (Tout et al. 1996), are plotted
in Figures 1 and 2, respectively. It is seen in Figure 1a that
most of the primaries of W-type systems are above ZAMS
and seem to have evolved away from ZAMS, only the pri-
maries of 13 W-type UMa systems (GZ And, 44i Boo, AC
Boo, EF Boo, VW Cep, TW Cet, TX Cnc, SW Lac, ET
Leo, ER Ori, BB Peg, HT Vir, and BD+42o 2782) are un-
der ZAMS. However, as seen from Figure 1b, apart from the
primaries of 13 W UMa systems mentioned above, the pri-
maries of 27 other W-type systems are found to have moved
under ZAMS. Meanwhile, it is seen in Figure 2a that most of
the primaries of A-type systems are above ZAMS and seem
to have evolved away from ZAMS, only the primaries of 5
A-type systems (V417 Aql, BI CVn, V899 Her, VZ Lib, and
EQ Tau) are under ZAMS. But as seen from Figure 2b, apart
from the primaries of 5 W UMa systems mentioned above,
the primaries of 23 other A-type systems are found to have
moved under ZAMS. This indicates that the evolutionary
status of the primaries of the W UMa systems (including A-
and W-types) predicted by M −R relation seem to be more
advanced than that predicted byM−L relation. Meanwhile,
both M −R and M −L diagrams show that the secondaries
of A- and W-type systems appear to have been evolved away
from ZAMS. The appearance might be as a result of the en-
ergy transfer from the primary to the secondary in W UMa
systems. According to Hazlehurst et al. (1977), the effects
of energy transfer on the radii and effective temperatures of
the primaries of W UMa systems can be given by
∆logR(t) =
∫ t
0
ψ
R
(t− τ )E˙dτ, (1)
∆logTe(t) =
∫ t
0
ψ
T
(t− τ )E˙dτ, (2)
where E˙ is the rate of energy transfer, ψ
R
and ψ
T
are the
response functions for the radius and effective temperature
with respect to energy transfer. The luminosity L ∝ R2T 4e ,
the effect of energy transfer on the luminosity can be given
by
∆logL(t) = 2∆logR(t) + 4∆logTe(t)
=
∫ t
0
(2ψR + 4ψT)(t− τ )E˙dτ. (3)
The primaries of W UMa systems always lose the energy
in the common envelope, the energy loss would lead the
effective temperature and radius of the primaries to be de-
ceased. According Eqs. (1) and (2), ψ
R
and ψ
T
should be
positive (also see Hazlehurst et al. 1977). Therefore, the re-
sponse function (ψ
L
= 2ψ
R
+ 4ψ
T
) for the luminosity with
respect to energy transfer is larger than that (ψ
R
) for the
radius, which implies that the luminosity of the primary is
affected by energy transfer more greatly than its radius in
the W UMa systems. Although the stellar evolution would
lead to continuous increase of luminosity and radius, the en-
ergy transfer (loss) would lead their luminosities and radii to
be decreased and attempt to draw them back to ZAMS line.
Since the luminosity of the primary is affected by energy
transfer more greatly than its radius, the positions of the
primaries should be drawn back by energy loss more greatly
in M −L diagram than in M −R diagram. It is a main rea-
son why L values of the primaries appear to be lower than
ZAMS line while R values of the primaries are higher than
those of the systems on ZAMS. This suggests that the sta-
tus of the primaries of W UMa systems indicated by M −R
diagram seems to be more advanced than that predicted by
M − L diagram.
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Figure 1. Relations of mass-radius and mass-luminosity for W-
type W UMa systems. Open and full dots represent the less mas-
sive and more massive components, respectively. The solid lines
represent ZAMS from Tout et al. (1996).
Figures 1 and 2 also show that both radius and luminos-
ity of the secondary of each W UMa system are evidently de-
viated from those of ZAMS stars, and that the evolutionary
status of the secondaries appears to be more advanced than
that of the primaries. Most probably, this must be the result
of the energy transfer from the primary to the secondary in
the W UMa systems. In general, the energy transferred from
the primary to the secondary in the envelope of W UMa sys-
tems is severe or even tens of times more than the nuclear
evolutionary effect on the secondaries so that the positions
of the secondaries are significantly different from those of
ZAMS stars.
3 THE POSSIBLE OUTCOME OF W UMA
SYSTEMS
The angular momentum distribution of 78 W UMa systems
had been discussed by Maceroni & van’t Veer (1996). It is
found that most of A-type systems seem to have no evo-
lutionary link with W-type ones because A- and W-type
systems can be divided into two separate parts in M − J
diagram by a line which gives the angular momentum of a
system with just in contact main sequence components and
a primary mass of 1.35 M⊙. The orbital angular momentum
of a binary can be written as
Jorb =
M1M2
M
A2ωo, (4)
where M and M1,2 are the total mass and the masses of
both components, respectively, A the orbital separation and
ωo the orbital angular velocity. The spin angular momentum
of the binary is
Figure 2. Relations of mass-radius and mass-luminosity for A-
type W UMa systems. Solid lines and symbols are the same as
Fig. 1.
Js = (k
2
1M1R
2
1 + k
2
2M2R
2
2)ωs. (5)
where R1,2 are the radii of the primary and secondary, k1,2
the ratios of the gyration radius to the stellar radius for
both stars and ωs the spin angular velocity. In general, the
rotational periods of the components are synchronized with
the orbital periods for W UMa systems, due to strong tidal
interaction (i.e. ωs = ωo = ω). If the ratios of the gyration
radius to the stellar radius are assumed to be equal (i.e.
k21 = k
2
2 = k
2), the total angular momentum of the binary
is
J =
{M1M2
M
A2 + k2(M1R
2
1 +M2R
2
2)
}
ω. (6)
Taking k2 = 0.06 as in Rasio (1995) and Li & Zhang
(2006), the angular momentum distribution of 130 W UMa
systems with well-determined parameters is investigated. A
very interesting feature is shown in Figure 3, where the to-
tal angular momentum of 130 observed W UMa systems
based on equation (6) is plotted vs the total mass with full
and open dots for A-types and W-types, respectively. Fig-
ure 3 confirms the fact that the total angular momentum
(J) decreases by decreasing total total mass (M) of W UMa
binaries.
In order to obtain the information on the dynamical
evolution of W UMa systems from the angular momentum
distribution, it is necessary to give a theoretical distribution
of angular momentum vs the total mass for W UMa systems.
If ω is in units of day−1,M inM⊙ and A in R⊙, the Kepler’s
third law can be written as
ω = 54.23(
M
A3
)1/2, (7)
the total angular momentum of the binary reads
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Table 1. New physical parameters of some contact binaries.
Stars Type P M1 M2 R1 R2 L1 L2 qph References
(days) (M⊙) (M⊙) (R⊙) (R⊙) (L⊙) (L⊙)
AB And W 0.3319 1.042 0.595 1.025 0.780 0.648 0.492 0.571 1
GZ And W 0.3050 1.115 0.593 1.005 0.741 1.017 0.717 0.532 1
V417 Aql A 0.3703 1.377 0.498 1.314 0.808 1.796 0.777 0.355 1
V402 Aur W 0.6035 1.638 0.327 1.997 0.951 7.425 1.491 0.199 1
DN Cam W 0.4983 1.849 0.818 1.775 1.224 5.062 2.668 0.442 1
YY CrB A 0.3766 1.393 0.339 1.385 0.692 2.347 0.755 0.232 1
SX Crv A 0.3166 1.246 0.098 1.347 0.409 2.590 0.213 0.0787 1
V2150 Cyg A 0.5919 2.233 1.798 1.946 1.756 13.707 10.721 0.802 1
GM Dra W 0.3387 1.213 0.219 1.252 0.606 2.190 0.562 0.210 1
UX Eri A 0.4453 1.430 0.534 1.468 0.905 2.637 1.169 0.13 1
V829 Her W 0.3582 0.856 0.372 1.058 0.711 0.829 0.541 0.435 1
SW Lac W 0.3207 1.240 0.964 1.090 0.976 0.971 0.953 0.787 1
AP Leo A 0.4304 1.359 0.416 1.433 0.809 2.596 0.882 0.297 1
AO Cam W 0.3299 1.119 0.486 1.092 0.732 1.029 0.574 0.435 1
VZ Lib A 0.3583 1.480 0.378 1.335 0.692 1.934 0.559 0.255 1
DZ Psc A 0.3661 1.352 0.183 1.469 0.617 2.836 0.493 0.145 1
QW Gem W 0.3581 1.262 0.413 1.239 0.726 1.633 0.645 0.334 1
GR Vir A 0.3470 1.376 0.168 1.490 0.550 2.806 0.493 0.106 1
NN Vir A 0.4807 1.730 0.850 1.717 1.246 5.905 3.155 0.61 1
DK Cyg A 0.4707 1.741 0.533 1.708 0.986 8.157 1.731 0.306 1
AH Aur A 0.4943 1.674 0.283 1.897 0.837 4.729 1.090 0.165 1
EF Boo W 0.4295 1.547 0.792 1.431 1.064 3.084 1.731 0.534 1
HN UMa A 0.3826 1.279 0.179 1.435 0.583 2.55 0.41 0.147 2
EQ Tau A 0.3413 1.233 9.551 1.143 0.775 1.36 0.61 0.447 2
FU Dra W 0.3067 1.173 0.312 1.110 0.588 1.13 0.42 0.256 2
BB Peg W 0.3615 1.424 0.550 1.279 0.813 1.61 0.81 0.386 2
OU Ser A 0.2968 1.109 0.192 1.148 0.507 1.48 0.34 0.172 2
V776 Cas A 0.4404 1.750 0.242 1.821 0.748 5.90 1.01 0.138 2
UV Lyn W 0.4150 1.344 0.501 1.376 0.858 1.86 0.84 0.372 2
V592 Per A 0.7157 1.743 0.678 2.252 1.468 9.58 2.50 0.389 2
HT Vir W 0.4077 1.284 1.046 1.223 1.107 1.72 1.50 0.815 2
CK Boo A 0.3352 1.442 0.155 1.521 0.561 2.924 0.401 0.106 3
FP Boo A 0.6405 1.604 0.154 2.310 0.774 11.193 0.920 0.096 3
XZ Leo A 0.4877 1.742 0.586 1.689 1.004 6.926 2.073 0.336 3
ET Leo W 0.3465 1.586 0.542 1.359 0.835 1.115 0.564 0.342 3
AQ Psc A 0.4756 1.682 0.389 1.753 0.890 3.760 0.984 0.231 3
V921 Her A 0.8774 2.068 0.505 2.752 1.407 23.526 5.094 0.244 3
V839 Oph A 0.4090 1.572 0.462 1.528 0.874 3.148 1.097 0.53 3
V2357 Oph W 0.4156 1.191 0.288 1.392 0.689 1.782 0.468 0.231 3
VY Sex W 0.4434 1.423 0.449 1.497 0.864 2.174 0.832 0.315 3
FI Boo A 0.3900 0.82 0.31 1.10 0.71 1.02 0.31 0.382 4
XY Boo A 0.3706 0.912 0.169 1.230 0.607 2.138 0.515 0.1855 5
V523 Cas W 0.2337 0.75 0.38 0.74 0.55 0.18 0.13 0.512 6
V781 Tau W 0.3449 1.29 0.57 1.212 0.852 1.39 0.70 0.405 7
TV Mus A 0.4457 1.35 0.22 1.70 0.83 3.33 0.71 0.166 8
BD+42 2782 W 0.3702 1.38 0.67 1.29 0.95 1.75 1.05 0.482 9
DX Tuc A 0.3771 1.00 0.30 1.20 0.71 1.97 0.66 0.29 10
V870 Ara W 0.3997 1.503 0.123 1.67 0.61 2.96 0.50 0.082 10
SS Ara W 0.4060 1.343 0.406 1.369 0.797 1.83 0.71 0.302 11
AH Cnc W 0.3605 1.21 0.18 1.36 0.62 2.62 0.54 0.610 12
V899 Her A 0.4212 2.100 1.190 1.570 1.220 2.320 1.44 0.566 13
U Peg W 0.3748 1.17 0.39 1.23 0.75 1.19 0.54 0.324 14
References in Table 1: (1) Gazeas et al. 2005; (2) Zola et al. 2005; (3) Gazeas et al. 2006; (4) Terrell et al. 2006;(5) Yang et al. 2005; (6)
Zhang & Zhang 2004; (7) Yakut et al. 2005; (8) Qian et al. 2005;(9) Lu et al. 2007, (10) Szalai et al. 2007; (11) Lu 1991; (12) Zhang,
Zhang & Deng 2005; (13) O¨zdemir et al. 2002; (14) Djurasˇvic´ et al. 2001
J = 54.23M3/2A1/2µ
{
(1−µ)+ k2r21
(
1+
1− µ
µ
(
r2
r1
)2
)}
, (8)
in which
µ =M1/M, (9)
where µ is a mass fraction of the primary of the system,
and r1,2 the relative radii of both components. According to
Eggleton (1983, 2006), they can be approximately written
as
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r1 ≃
RL1
A
=
0.49
{
(1− µ)/µ
}−2/3
0.6
{
(1− µ)/µ
}−2/3
+ ln
{
1 +
{
(1− µ)/µ
}−1/3} , (10)
r2
r1
≃
(1− µ
µ
)0.46
. (11)
According to Binnendijk (1970), the contact condition can
be expressed as
A =
R1 +R2
0.76
= 1.32R1
{
1 + (
1− µ
µ
)0.46
}
. (12)
Mass-radius relation for the primary of W- and A-type
systems can be expressed as
R1 = crM
β
1 = crµ
βMβ. (13)
Inserting the equations (10)–(13) into equation (8), one can
obtain
J = 62.31c1/2r f(µ)M
(3+β)/2, (14)
in which
f(µ) = µ(2+β)/2
{
1 + (
1− µ
µ
)0.46
}1/2{
(1− µ)+
k2r21
{
1 + (
1− µ
µ
)1.92
}}
, (15)
then
logJ =
3 + β
2
logM + c(µ). (16)
Based on Eqs. (14) and (16) in Awadalla & Hanna (2005),
β can be derived to be 0.62 for A- and W-type systems,
and cr can be derived to be 1.05 (for W-types) or 1.23 (for
A-types). Then, cr is taken to be 1.23 since A-types are
located near the two boundaries of M −J diagram, and µ is
taken to be 0.5 (q = 1.0) and 0.93 (q = 0.075), respectively.
Equation (16) is also shown in Figure 3 as two dashed lines
with a slope of 1.81. It is seen in Figure 3 that all observed
W UMa systems are located in a strip limited by the two
dashed lines and the observed systems with extreme mass
ratios, such as V870 Ara, CK Boo, FP Boo, V776 Cas, SX
Crv, FG Hya, DZ Psc, AW UMa, GR Vir are on or near the
lowest boundary (corresponding to a mass ratio close to a
cutoff mass ratio of 0.076 for W UMa systems in Li & Zhang
2006). The mass ratio of W UMa systems is decreased from
the upper boundary to the lower boundary.
Awadalla & Hanna (2005) have computed only the or-
bital angular momentum (OAM) of contact binaries and
plotted it on a M−J diagram, then fit a quadratic function
to it. However, a linear function can fit the distribution of
the total angular momentum vs mass in their logarithmic
scale for the observed W UMa systems well in present work,
and a least-squares solution results a relationship between
the total angular momentum and mass as the following
logJ = 2.06(8)logM + 1.10(2), (17)
with correlation coefficient r = 0.91 and standard deviation
sd = 0.10. Equation (17) is also plotted in Figure 3 as a
solid line with a higher slope than those of the two dashed
lines based on Equation (16). This suggests that the mass
ratio might be decreased with the decrease of the total mass
for the observed W UMa systems.
The distribution of mass ratio vs the total mass for
the above systems is shown in Figure 4. It is seen in Fig-
ure 4 that the W UMa systems seem to be located in a
Figure 3. Total angular momentum of W UMa systems based on
equation (6) as a function of total mass. Dashed lines represent
the theoretical angular momentum distributions [based on equa-
tion (16)] of W UMa systems with mass ratio of 1.0 and 0.075,
respectively. Solid line represents a fitting result of observations,
i.e. equation (17).
Figure 4. Mass ratio of W UMa systems as a function of to-
tal mass. Full and open dots represent the A-type and W-type
systems, respectively.
strip and there is a tendency for a decreasing total mass M
with decreasing mass ratio q, which is similar to the result
given by van’t Veer (1996). Meanwhile, as seen from Figure
4, the mass ratios of W-type systems are located in a re-
gion from 0.3 to 0.7 and the mass ratios of A-type systems
seem to be located in two separated regions (q <
∼
0.5 and q >
∼
0.7). Meanwhile, it is seen in Figure 3 that there is no obvi-
ous difference between the angular momentum distributions
of W-types and A-types. This is in good agreement with a
result that the observed spectral type does not indicate a
difference in evolutionary state between A- and W-type sys-
tems (Van Hamme 1982), and A- and W-type systems are
probably in the different stages of TRO.
c© 2008 RAS, MNRAS 000, 1–8
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The difference in the slope of equations (16) and (17)
can be attributed to many causes, such as rough assump-
tions, mean values of coefficients taken from empirical mass-
radius relations, observational selection effects, initial mass
and period distributions, and all effects including the effect
of dynamical evolution. The rough assumptions and the co-
efficient cr might only change the location (up or down) of
the theoretical distribution given by equation (16) in Figure
3, rather than its slope. The slope of equation (16) is only
influenced by the coefficient β of empirical mass-radius rela-
tion. However, equation (16) with a higher slope than equa-
tion (17) requires β > 1.0 which is much larger than a value
derived by Awadalla & Hanna (2005). Rucinski (2006) has
found that the contact binaries discovered by ASAS lacks
those with photometric amplitudes < 0.4 mag. This might
imply that a telescope has a detection threshold and some
W UMa systems with smaller mass ratios will be difficult to
be detected because of the very small amplitude of the corre-
sponding light curves (van’t Veer 1978; Rucinski 2001). Fur-
thermore, spectroscopic mass ratios were always determined
for the best observable double lined spectroscopic W UMa
systems. This selection favours the high mass ratio binaries
(van’t Veer 1978). Figures 3 and 4 show that the W UMa
systems with smaller total masses usually have smaller mass
ratios. Therefore, the observational selection effects possibly
lead the slope of equation (17) to be decreased. It is believed
that the W UMa systems are formed from detached bina-
ries through AML due to MSW or through Kozai (1962) cy-
cle (Eggleton & Kiseleva 2001; Paczyn´ski et al. 2006). Then,
the initial mass and period distribution would affect the
time dependent formation process of these systems (i.e. the
lifetime in the pre-contact stage). The lifetime in the pre-
contact would affect mass, mass ratio, and nuclear evolution-
ary degree of W UMa contact binaries just formed from the
detached ones if their progenitors suffer mass loss and AML
owing to MSW. The W UMa systems which originate from
detached or semi-detached ones with main sequence compo-
nents and short periods, usually spend a short time in pre-
contact and have a high mass ratio of about 0.7 (Mochnacki
1981; Li, Han & Zhang 2004, 2005). W UMa contact bina-
ries with a relatively long lifetime in pre-contact are usually
formed from the detached ones which have a long period
and a small radius ratio of the components to their Roche
lobes. Since the more massive component evolves faster than
the less massive one, the radius ratio of the secondary to
its Roche lobe remains a relatively low value when the pri-
mary begins to fill its Roche lobe so that the more mass
is required to transfer from the primary to the secondary
in the duration from the semidetached binary to a W UMa
contact binary, with result that W UMa contact binaries
should have a higher mass ratios. In addition, a lower rela-
tive energy transfer rate is required for W UMa systems with
a higher evolutionary degree (Liu & Yang 2000), the lower
energy transfer rate should cause a smaller expansion of the
radius of the secondary. In this case only the systems with
a higher mass ratio might satisfy the requirement of Roche
geometry. Therefore, W UMa systems with a relatively long
lifetime in pre-contact should have a higher mass ratio and
less mass. This would also lead the slope of equation (17) to
be decreased.
A higher slope of equation (17) compared with equation
(16) is probably caused by the dynamical evolution of the
W UMa systems. In fact, it is consistent with not only the
prediction of the theoretical models (Lucy 1976; Flannery
1976; Robertson & Eggleton 1977; Li, Han & Zhang 2004,
2005) but also the observational mass ratio distributions
given by van’t Veer (1978) and Rucinski (2001), who have
argued that the W UMa systems with low mass ratios are
much more than those with high mass ratios. If this is true,
the W UMa systems would merge into the fast-rotating stars
within 103 − 104 yrs when their mass ratios is decreased to
the cutoff mass ratio (0.076 Li & Zhang 2006, 0.09 Rasio
1995). Furthermore, there is another possibility as suggested
by Paczyn´ski (2007) that W UMa type binaries, especially
for those with extreme mass ratios have secondaries in an
advanced evolutionary stage as Algol-type ones. However,
the secondary with a much larger radius than it would be
on the main sequence is not only a result of its advanced
nuclear evolution but also a result of energy transfer from
the primary to it. If so, W UMa systems with extreme mass
ratios and those with high mass ratios should have the dif-
ferent formation processes.
4 DISCUSSIONS AND CONCLUSIONS
The status of the primaries of W UMa systems (including
A- and W-type systems) predicted byM−R diagram seems
to be more advanced than that indicated byM−L diagram.
Meanwhile, the primaries are almost located on ZAMS line
for A- and W-type systems in Figures 1b and 2b. The ap-
pearance might be caused by the energy transfer from the
primary to the secondary in W UMa systems, and the lu-
minosity of the primaries of W UMa systems is affected by
energy loss more greatly than their radii. In addition, the
secondaries are significantly deviated from ZAMS stars in
M −R and M − L diagrams. This might also be the result
of a large amount of energy transfer from the more massive
to the less massive component in W UMa systems.
Since a large amount of energy is transferred from the
primary to the secondary in W UMa systems, both com-
ponents of W UMa systems can not achieve thermal equi-
librium. At the beginning of contact stage, the efficiency of
energy transfer is extremely low since the common envelope
is too thin to undertake so much energy transfer, with the
result that the mass is still transferred from the primary
to the secondary as in semidetached stage. The decrease of
orbital separation due to mass transfer should lead to the
continued increase of the contact depth and energy trans-
fer. The added mass on to the secondary would stop when
the significant energy is transferred from the primary to the
secondary. This followed by mass transfer back to the pri-
mary until the decrease in radius of the secondary caused
by mass loss can not compensated by its increase caused by
energy transfer. Once this has occurred, the full efficiency
of energy transfer is lost. Then, the secondary contracts and
the contact depth decreases rapidly although the mass is
transferred from the primary to the secondary in this stage.
The secondary breaks contact and continues to collapse to-
wards a main sequence equilibrium configuration, with its
temperature and luminosity falling rapidly. The luminosity
of the primary decreases during the semidetached phase,
since the Roche lobe again contracts to prevent its free ex-
pansion towards thermal equilibrium. Since the process of
c© 2008 RAS, MNRAS 000, 1–8
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raising matter up through the star, for transfer to the sec-
ondary requires significant quantities of energy, at the ex-
pense of the surface luminosity. Meanwhile, the timescales of
the primary and the secondary are very different, because of
mass accretion of the secondary its radius will increase be-
fore it collapses to thermal equilibrium configuration. There-
fore, the two components of W UMa systems are unlikely to
be in thermal equilibrium, but each star attempts to reach
thermal equilibrium. The attempt of the W UMa systems
to reach a non-existent thermal equilibrium, coupled with
Roche geometry, would force W UMa systems to undergo
TRO on a period of about thermal timescale of the primary
(Li, Han & Zhang 2004, and references therein). Although
the primaries of W UMa systems do not reach thermal equi-
librium, they are near to the thermal equilibrium and exhibit
the property that the luminosity is affected by energy trans-
fer more greatly than its radius. But, the thermal timescale
of the secondaries is much longer than the cyclic period so
that the secondaries are evidently deviated from thermal
equilibrium.
Although Figures 1a and 2a show that the stage of evo-
lution of A-type systems seems to be higher than that of
W-type ones as suggested by Lucy & Wilson (1979). How-
ever, these objects are still within the main sequence band
and we can hardly can speak of ”evolved” objects, and this
kind of binaries should last a very long time (Van Hamme
1982). Based on a simple assumption that the primaries
of A- and W-type systems are ZAMS stars, according to
Csizmadia & Klagyivik (2004), the nuclear luminosity ratio
of the secondary to the primary can be approximately ex-
pressed as
L2
L1
= (
M2
M1
)4.6 = q4.6. (18)
Since the two components of W UMa systems have almost
equal effective temperatures, i.e. T1 ≃ T2, the observed lu-
minosity ratio of them reads
L2,observed
L1,observed
=
L2 +∆L
L1 −∆L
= (
R2
R1
)2 = q0.92, (19)
where ∆L is the energy transfer rate between the compo-
nents. Insert equation (19) into equation (20), one can obtain
a relative energy transfer rate as
∆L
L1
=
q0.92 − q4.6
1 + q0.92
, (20)
the relation of the relative energy transfer rate vs mass ratio
is shown in Figure 5. It is seen in Figure 5 that the relative
energy transfer rate of W UMa systems peaks at a mass ra-
tio of about 0.55 which is just located in the region of mass
ratio distribution of W-types, whilst the mass ratios of most
A-types is significantly deviate from the maximum energy
transfer rate of W UMa systems. Therefore, if the energy
transfer is taken in account, we hardly can draw such a con-
clusion that A-types are evolved more greatly than W-types
so that A- and W-type systems have the the different evolu-
tionary status. This confirms the suggestions originally made
by Van Hamme (1982), which there is no a difference in evo-
lutionary state between A- and W-type systems. Combining
with the different mass ratio distributions of A- and W-type
systems, we conclude that A- and W-type systems might be
in the different stages of TRO, i.e. A-type systems might be
in the stages form contact evolution to semi-detached one or
Figure 5.Relative energy transfer rate between both components
as a function of mass ratio of W UMa systems.
from semi-detached configuration to contact one. This is ex-
actly consistent with a relatively high temperature difference
between the two components in A-type systems. However,
no a TRO model can predict the observed number ratio of
A-type systems with lower mass ratios to those with higher
mass ratios. This suggests that present treatments of the
energy transfer might be inadequate.
The distribution of angular momentum and mass ra-
tio suggests that the smaller is the total mass of the ob-
served W UMa systems, the smaller is their mass ratios. It
might be caused by the dynamical evolution of the W UMa
systems, or by mass ratio reversal of the progenitors of W
UMa systems (Ste¸pien´ 2006), especially for those with ex-
treme mass ratios (Paczyn´ski 2007). In addition, the first
possibility is consistent with the present theoretical mod-
els (Lucy 1976; Flannery 1976; Robertson & Eggleton 1977;
Li, Han & Zhang 2004, 2005) and the observed mass ratio
distribution (van’t Veer 1978; Rucinski 2001), i.e. the dy-
namical evolution would lead W UMa systems to evolve into
those with smaller mass ratios, then lead them to merge into
fast-rotating stars owing to tidal instability. However, the
second possibility might exist and it indicates that W UMa
systems with extreme mass ratios and those with high mass
ratios might have different formation processes. Meanwhile,
the relative importance of these two possibilities requires
further study through more observations.
At present, it is not clear whether or not there is an evo-
lutionary link between A- and W- type systems. If there is
an evolutionary link between A- and W-type systems, based
on the evolutionary tendency of mass ratio of W UMa sys-
tems, we can conclude that A-type systems with relatively
high mass ratios would probably evolve into W-type sys-
tems, then evolve into A-type ones with relatively low mass
ratios, and the opposite direction seems to be impossible,
because it requires some W UMa systems with mass ra-
tios close to 1 and different temperature between the two
components. However, up to now there are in total of four
contact binaries which are found to have mass ratios close
to 1, they are V701 Sco (Bell & Malcolm 1987), CT Tau
(Plewa & Wlodarczyk 1993), V803 Aql (Samec et al. 1993),
and WZ And (Zhang & Zhang 2006). Moreover, only a sys-
tem WZ And in which the components with almost equal
mass have different temperature between the components is
c© 2008 RAS, MNRAS 000, 1–8
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found, it might be unequal mass system through mass trans-
fer and mass reverse. In each of the other three systems, the
components with equal mass have almost identical temper-
ature between the components. They could be regarded as
congenital twins, rather than an outcome due to mass trans-
fer during the evolution.
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